Objective: To investigate the effects of resuscitation with normal saline (NS), hypertonic saline (HTS), and hydroxyethyl starch (HES) on regulatory T cells (Tregs), helper T 1 (Th1)/Th2 and cytotoxic T 1 (Tc1)/Tc2 profiles in the treatment of hemorrhagic shock. Methods: Rats subjected to severe hemorrhagic shock were resuscitated for 30 min with NS (n=8), HTS (n=8), or HES (n=8); sham (n=8) and naive control (n=8) groups were used for comparison. Following fluid resuscitation, the whole shed blood was reinfused for 30 min, and the rats were observed with continuous hemodynamic monitoring for 120 min. 
Introduction
Hemorrhagic shock is an emergency event primarily caused by low organ perfusion, which results in marked and widespread oxidative tissue damage. Crucial treatment of this condition involves timely control of hemorrhage and adequate intravascular volume replacement. Even with successful fluid resuscitation, acute respiratory distress syndrome, systemic inflammatory response syndrome, or sepsis and multiple organ dysfunction syndrome can develop. These are the leading causes of death in middle and late phases of hemorrhagic shock. These conditions are thought to result from hyperinflammation or immunodepression (Menger and Vollmar, 2004; Moore et al., 2004; 2006; Brøchner and Toft, 2009) .
Fluids for resuscitation include normal saline (NS), hypertonic saline (HTS), and hydroxyethyl starch (HES), although controversy remains on which strategy is superior (Angele et al., 2008) . Recently, the immunologic effects of resuscitation with HTS solutions have been examined (Yip et al., 2007; Murao et al., 2009; Vincenzi et al., 2009; Isayama et al., 2012) . HTS stimulates the rapid release of adenosine triphosphate (ATP) in a time-and concentrationdependent manner, which enhances T-cell activation by increasing Ca 2+ influx (Yip et al., 2007) . In addition, HTS resuscitation suppresses the release of proinflammatory cytokines (Isayama et al., 2012) , and thus might improve immunosuppressive reactions after hemorrhagic shock. Indeed, our previous studies indicate that HTS alleviates immune disorders and limits tissue injury after hemorrhagic shock (Lu et al., 2007; .
Although serious immune dysfunction often appears in the middle or late stage, immune and inflammation systems are involved from the onset of hemorrhagic shock. Hence, it is essential to reveal the initial impacts of resuscitation with different fluids on the immune system to provide advice for early recovery and immune intervention strategies. The purpose of this study was to compare the effects of three resuscitation fluids on immune cell regulation in the early stage of hemorrhagic shock. Specifically, we evaluated the proportion of regulatory T cells (Tregs), which help maintain immune balance, and can limit inflammatory tissue damage caused by infection, autoimmunity, allogeneic immune responses, and antitumor immunity (Belkaid and Rouse, 2005; Zhao et al., 2013) ; we also evaluated the ratios of helper T (Th) and cytotoxic T (Tc), which can execute many crucial immune functions (Marcu et al., 2007; Zhang et al., 2008; Chen et al., 2014) .
Materials and methods

Ethics statement
This study was approved by the Ethics Committee of the School of Medicine, Zhejiang University, Hangzhou, China. Animals were handled according to the criteria outlined in the Guide for the Care and Use of Laboratory Animals (National Research Council, 2011).
Animals
Forty male Sprague-Dawley rats, weighing 280-330 g, were purchased from the Laboratory Animal Center of the Medical Institute of Zhejiang Province, China and were maintained on standard rat diet and tap water ad libitum before the experiment. Animals were housed under controlled light/dark conditions for at least 3 d; the light period was from 8:00 a.m. to 5:00 p.m. in specific pathogen-free conditions.
Experimental protocol
Rats were anesthetized with 40 mg/kg pentobarbital intraperitoneally (IP) and placed in a supine position on a warm pad (25 °C). After sterilization with 10% (0.1 g/ml) povidone-iodine solution, the right carotid artery was isolated and cannulated with a polyethylene catheter, which was used for blood withdrawal and connected to a pressure transducer and computerized physiograph system (model 1290C; Hewlett-Packard Co., Palo Alto, CA, USA) for continuous hemodynamic monitoring. In the same way, the left femoral vein was cannulated for fluid infusion, and rats were heparinized (500 U/kg). Rats were observed for 10 min post-cannulation to ensure stable blood hemodynamics and spontaneous breathing. Blood loss during cannulation was collected by gauze for measurement by weight; only rats with <0.22 g blood loss were used for fluid resuscitation experiments.
Severe and controlled hemorrhagic shock was induced according to our previous studies (Lu et al., 2007; . Briefly, while under the mild anesthesia (40 mg/kg pentobarbital IP), acute hemorrhage was initiated (time=0 min) with four controlled blood withdrawals via the right carotid arterial cannula: 10 ml/kg per 5 min for the first two withdrawals, then 5 ml/kg per 5 min for the second two, to yield a total hemorrhage volume of 30 ml/kg. The shed blood was collected in glass syringes with heparin for later reinfusion. Fluid resuscitation was administered after 30 min. In the third stage, at 60 min, rats were reinfused with the whole shed blood to represent in-hospital emergency treatment. An observation stage then ensued (time=90-210 min) via continuous hemodynamic monitoring. Rats were then sacrificed by heart puncture and the spleens were removed for preparation of cell suspensions used in subsequent analyses.
Grouping of animals
Forty rats were randomly assigned to one of five groups (n=8 each group). In the control group, rats received no operative intervention. In the sham group, rats only received anesthesia, cannulation, heparinization, and observation. In the fluid resuscitation phase, rats in the NS resuscitation group received 0.9% (9 g/L) NaCl infusion for a 3:1 ratio against the blood loss volume (Gurfinkel et al., 2003; Alam et al., 2004; Barros et al., 2011; Maier and Alam, 2011) . The HTS group received 6.0 ml/kg body weight of 7.5% (0.075 g/ml) NaCl solution for a 1:5 ratio against blood loss volume (Murao et al., 2003a; 2003b) . The HES group received 30 ml/kg body weight of 6% HES (200/0.5; Fresenius Kabi, Baden Humboldt, Germany) solution for a 1:1 ratio against blood loss volume ( Barros et al., 2011) .
Flow cytometry
RBC Lysis Buffer was used to remove the red blood cells from the sample. The monoplast suspension of spleen was prepared according to our previous protocol (Lu et al., 2013) . Spleen cell suspensions were cultured for 4 h at 37 °C at 5% CO 2 in RPMI-1640 media (Sigma-Aldrich, St. Louis, MO, USA) containing phorbol myristate acetate, ionomycin, monensin (Beyotime, China), and fetal bovine serum.
Three-color flow cytometer (FC500, FACSCalibur; Beckman-Coulter, Brea, CA, USA) was then used to detect the various cell types. The software FACSCalibur (Beckman-Coulter, USA) was used for flow cytometric analysis. Anti-rat CD4 FITC (fluorescein isothiocyanate), CD25 PE (phycoerythrin), and Foxp3 PerCP-Cy5 (peridinin chlorophyll proteincyanine 5) antibodies, and their isotype controls (eBioscience, San Diego, CA, USA) were used for detecting Tregs 
Statistical analysis
Data analyses were performed using SPSS Version 13.0 software (SPSS Inc., Chicago, IL, USA). Cell type percentages and ratios were compared by the homogeneity test, and then one-way analysis of variance (ANOVA) and the least significant difference t-test were applied for comparisons among the five groups. A two-way repeated-measures ANOVA was performed to compare arterial pressures among the groups. Data are presented as mean±standard deviation (SD) with a P<0.05 considered statistically significant.
Results
Mean arterial pressure
All rats undergoing acute hemorrhagic shock survived the experiments, with about 50% loss of blood volume based on weight. Mean arterial pressures (MAPs) measured throughout the experiment are presented in Fig. 1 . Blood pressure levels for rats in the control group were not obtained, as they did not receive polyethylene catheters for monitoring. Acute hemorrhage initially induced a dramatic decrease in MAP, to about 20 mmHg at 20 min, which increased to about 30 mmHg at 30 min by self-compensation. Fluid resuscitation restored pressures within 15 min, with MAPs approaching 90 mmHg at the 45 min time-point. The MAPs then remained stable throughout the emergency treatment (60-90 min) and observation (90-210 min) stages. MAP levels remained unchanged throughout the entire experiment for rats in the sham group.
A two-way repeated-measures ANOVA was performed with fluids as the between-subjects factors and MAPs obtained at different time-points as withinsubject variables. As a Mauchly's test of sphericity indicated that variances in differences among the The representative illustration of flow cytometry for Tregs is shown in Fig. 2 (Table 1) . However, the percentages of Tregs in NS and HES groups were similar and significantly lower than those in the control and sham groups (P<0.05).
Changes of Th1/Th2 and Tc1/Tc2 ratios in spleen
The representative illustration of flow cytometry for Th and Tc is shown in Fig. 3 . Ratios of Th1/Th2 and Tc1/Tc2 in rats receiving HTS resuscitation did (Table 2) . However, both ratios were significantly lower in rats receiving NS and HES than in the control and sham groups (P<0.05). Interestingly, the percentage of Tc1 cells was significantly higher only in the HTS group, whereas the levels of Tc2 in all three groups receiving fluid resuscitation were equally and significantly improved (P<0.05 vs. control and sham; Fig. 4 ).
Discussion
Tregs mediate immune and inflammatory responses in many pathophysiologic processes. A sufficient quantity of Tregs is critical in keeping inflammation balance and reducing tissue injury (Li et al., 2009; Fogle et al., 2010b; Tang et al., 2014; Zhao et al., 2015; Zhang et al., 2016) . Excessive activity or quantity of Tregs can promote infectious deterioration, sepsis, or tumor immune escape, whereas an insufficient amount can result in overactive inflammatory responses (Burgents et al., 2010; Fogle et al., 2010a; Carambia et al., 2014) . Tregs have been shown to be differentially influenced by various resuscitation fluids after hemorrhagic shock (Murao et al., 2009; Isayama et al., 2012) . In the present study, resuscitation with HTS did not alter the percentage of Tregs in the spleen, whereas NS and HES significantly lowered it. Thus, resuscitation with a small volume (1:5 ratio against blood loss volume) of HTS can stabilize spleen Tregs in the early phase, and may play a beneficial role in reducing immunologic stress after hemorrhagic shock. Indeed previous studies have shown that HTS resuscitation can reduce the injury to lungs and intestinal mucosa after hemorrhagic shock (Fernandes et al., 2009; Gao et al., 2009; Lu et al., 2010) . The proposed mechanism by which HTS can mediate these effects is by shrinking cells and mechanically altering membranes, resulting in the release of ATP and promotion of T-cell function (Loomis et al., 2003; Woehrle et al., 2010; Ledderose et al., 2016) . Whether a similar mechanism is involved in the effect on Tregs in our rat hemorrhagic shock model requires further research.
The ratios of Th1/Th2 and Tc1/Tc2 can reflect the balance of immune stability to some degree. Several studies have shown that hemorrhagic shock disturbs this balance by enhancing the differentiations of Th2 and Tc2 cells and suppressing the differentiations of Th1 and Tc1 cells, which increases the risks (Marcu et al., 2007; Miller et al., 2007; Chen et al., 2014) . In the present study, resuscitation with HES and NS significantly lowered the ratios of Th1/Th2 and Tc1/Tc2. However, the quantities of Tc1 and Tc2 cells were increased with HTS, whereas only Tc2 cells increased with NS and HES. It is possible that HTS resuscitation preserves Th1 and Tc1 cell differentiation, and may have more effective immunomodulation activity than NS and HES in the early stage after hemorrhagic shock. Consistent with this, Zhang et al. (2008) showed that the differentiation of Th1 cells was enhanced after resuscitation with HES.
Peripheral blood was not analyzed in the present study in consideration of the effect of blood reinfusion on immune function of peripheral blood mononuclear cells. However, the results of the present study indicated that resuscitation with all three fluids equally restored MAP levels in the early stage of hemorrhagic shock. Although the MAP in rats receiving HTS was slightly lower than those in the other groups at the end of the fluid resuscitation stage, it was still high enough ((97.50±6.83) mmHg) to maintain blood supply to vital organs, based on previous reports (Lu et al., 2010; Barros et al., 2011; Vallet, 2011; Cui et al., 2014) . Fluid resuscitation with NS or HES may result in hypoosmolar dehydration, thus stimulating an immune system response and inflammatory injury, whereas HTS may promote a more beneficial state of immunologic stress. The effect of resuscitation with these fluids on coagulation and liver/kidney function still needs to be explored to provide more useful information for future clinical application.
In summary, this study shows that resuscitation with a small volume of HTS has a stronger impact on the spleen immune system than HES or NS. Specifically, HTS preserves Treg proportions in the spleen, while increasing the numbers of Th1 and Tc1 cells and maintaining the balance between Th1/Th2 and Tc1/Tc2. Additional studies are needed to further investigate the related mechanisms.
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